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A &ode1 having a ramp that produced an oblique shock wave in 
f ront  of an'annulm duct in le t  was tested at Mach numbers between 
1.36 and 2.01 to determine the effect  of reducing the entrdnce Mach 
number on the total-pressure recovery after diffulsion. The m s u l t ~  
of the tes t s  &owed that the maxbmm total-resme recovery of the 
model inveBtigated was canelderably frqproved tbrou@ the addftim 
of a ramp. Hmver, separation of the boundary layer limited the 
extent of the r e b c t i m  of the entrance Mach number. 

- For the canfigmatima tested, a 15' asnular ramp was the beet; 
the highest maximum total-pressure  recovery  attained was f o u r - f i f t h s  
of that of a norme3 shock wave occurring at  the free"stream W h  
number. 

The design of a fuse- for a sugersonic aircraft may neces~i -  
tab the use of a long, slender body of revolutfm with a ram"jet or 
a turbo-jet engine located in the stern. In O r d e r  t o  suppw adr to  
the engine, a duct hav'ing an srmula;r entrance situated same distance 
behind the nose of the fuselage may be desirable because it may have 
a simpler aY.ras@;sment of internal menhers and thereby reduces the 
pressure losses caused by the duct s y s t e m .  An i n l e t  in such a 
location will receive a considerable  mount of boundaq-layer air, 
and according to a previous experimental hveatiga,t im the total- 
pressure recovery m y  be relative* low. (See reference 1.) mis 



poor pressure recovery is attributable . t o  the thlckening and eventual 
separation of the boundary layer ahead of the in l e t  caused by the 
interaction between the boundary layer and the cmpreesion In the 
induction system. 

In the  case of a diffuaor with a supersonic inlet, a portion 
of the compression occurs through a normal shock wave near the 
entrance.  Since the tendency of the boundary layer t o  thicken and 
t o  sepa3ate increases with the severitg of this cnmpression, the 
Mach number ahead of the i n l e t  should be as near  unity a8 poesible 
in order to mbxlmize the 10!38€18 th rough the shock wave and to reduce 
the  intensity of t he  adverse preesure gradient imposed upon the 
boundary layer. 

This report  presents the resul ts  of an experimental investiga- 
tion of the effect  on totaL-pressure  recovery after dif'fwion of 
placing a ramp ahead of an annular inlet t o  reduce the entrance Mach 
number by means of an oblique shock wave. 

SYMBOIS 

H t o w  pressure 

M Machn-tmiber 

A area 

m rats of mass flow 

The following subscripts indicate the etation of the measured 
quantity: 

o free stream 

1 duct entrance 

4 ex i t  t h r o a t  

, 
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Remolds numbers, based on -the length of the model forebody, were 
between 2.23 and 3.04 million, respectively. The models w e r e  tes ted 
a t  zero angle of attack. A description of the tunnel, the model 
support, cmd the auxiliaxy equipment may be found in reference 1. 

With the exception of the entrance ramp, the model tested was 
sfmilar to model B of reference 1. A photopaph of the model is 
shown in figure 1, and the dimensions a r e  a v e n  in the drawfng of 
figure 2. - The forebody consisted of a l k d i b e r  ogival nose 
followed by a cylindrical  section, The inlet was an annulay. open- 
the area of which was 28 percent of the t o t a l  cross-section area a t  
the i n l e t  statim. Immediately ahead of the duct entrance, the 
cylindrical forebody surface vas flared to form a ramp which consisted 
of an mula.r wedge.  The angle that th i s  wedge made with the longik- 
dhal axis of the model was altered by reducing the length of the, 
ramp while the hei&t remained the sane. m e  angles tested were 5O, 
loo., 15O, 17-1/2O, ZOO, 30°. ~0de1 B of reference I was used 
for the model having a 0 ramp angled The inlet was the  entrance 
t o  a subsonic diffusor  having a 10.5 equivalent-cane angle. The 
diffusor  exhausted  into a settling chamber  which had a variable- 
area outlet  that was adjustable frm outside of the tunnel. 

As shown in figure 3, a caneiderable improvemsnt in the total -  
pressure recovery is attained after diffusion wlth an annular duct 
i n l e t  as a result of placing a ranrp ahead of the i n l e t  t o  create an 
oblique shock wave.. The greatest recovery is attained by the model 
having a 15' mmg. At a Mach nmber af 1.36, the increase in the 
maxlmum total j?ressure  ra t io  (Hs/Ho)- obtainable with. this model 
is 17-1/2 percent of the recovery of model B of reference 1; at a 
Mach number of 2.01, thie Tmpgmement is 63-1/2 percent. The t o t a l -  
pressure recmery with the 15 ramp model is about f-ifths of 
that of a normal shock mve occurring st the b e t  Mach nuniber. 

The varia.tim of maximum total-mesure r a t i o  wlth the ramp 
angle at several Mach nuanbers is shown in figure 4. As in the 
case of the slotted twtn+coop W e t s  of reference 4, there is 
a large gain in the pressure recovery as the ramp angle is increased 
t o  about loo. 5 ra te  of gain decreases as the angle approaches 
15' , A t  laxer angles, the flaw becarnes unsteady and the recovery 
decreases. The ramp angle, and hence the strength of the o b l i q u e  
shock wave, must be limit+ t o  a relat ively low value because the 
compression caused by the stream def lec t im results ln thickening of 



the boundary layer. The s t a t i c  presaure r ~ e  occurring in the duct 
causes additional thickening of the boundaqy layer, and at  maximum 
recovery the c w i n e d  compression is great enough t o  force the 
born- layer t o  separate. 

The model having a 1.5' annular r&p produces about a m  
m a x h m  t o W ~ r e s s u r e  r a t i o  as a t w ~ c o o p  inlet that encloses 
61.5 percent of the forebody circurtrf'emnce and has a Po ramp. (See 
reference 2. ) Since the maximmu pressure recovery  occurs  just 
before the boundary layer separates, tibe preaeures  adverae .t;o the 
flow of the boundary-layer air are equal for these eW0 inLets. 
The twin scoops receive a larger amount of high energy air  than the 
e;cmular inlet and theref ore produce a stzonegsr normal shock wave 
.that develops the allowable adverse pressure w i t h  a 8aaller dsflec- 
t im of the stream, that is, at a lower ramp angle. when the height- 
to-width r a t i o  of the twh-ecoop inlet is increased from 0.3 t o  0.75 
and the inlet encloses 37.2 percent of the forebody  circumference, 
the m a x ~ o r e c o v e r y  improves 1 t o  4 percent and OCOUTB at a ramp 
angle of I 2  (reference 31. As the Kidth of the ramp 3.6 decreased, 
the transverse pressure  diffemnce becomes m o m  effective In thbing 
the boundm?y layer by diverting it frm the inlets. The maxbum 
recovery  increases because of' a delay in sepaxation poseib2.y caused 
by a thinner boundmy layer on the narrow ramp. 

schlieren photographs of f igurs 5 show the flow about the 
model having  vwious ra?qp angles. These photographs were taken at 
relatively large values of the outle+inle*a r a t i o  in order that 
the pressure in the diffueor wou ld  not have an appreciable  effect on 
the boundary layer flowing into the inlet .  The f low is of the same 
nature 88 that deecribed in reference 4 where the effects of incmaa- 
f n g  ramg angle on the pressure  recovery through a s lo t ted  t w m c o o p  
inlet are described. When the rsrm, angle l a  d l e r  th8,n about Z0, 
an oblique shock wave originates frm the raqp leading e-. At 
greater angles, the campression resulting frm the deflection of the 
stream. is sufficiently t o  cause the thickening of the boundary 
layer ahead of the ramp. AB a result, the boundmy layer bridges 
the break in the surface, Wereby deflecting the stream through a 
smaller an@e and causing lees cmpresaion than would occur if the 
flow followed the surf'ace. Measurements of the poeifion at  which tbs 
oblique wave OCCUTB f o r  the models hmhg a 15O, lT-l/2', 20°, or 30' 
annular ramp Fndicate that the intensity of t he  wave changes only 
sligh5 and is roughly equivalent  to that which would be produced 
by a 12 ramp. At ramp angles greater than 15', the flow through tbe 
air-induction system became8 unsteady and the t o t a l  pressure in t he  
se t t l ing  chamber fluctuates  cmiderably.  This oscillation wae 
obeemed to  be irregular and poseibly m caused by eddying flow over - 



the ramp; as a consequence, the a v e r a s  total~ressure recovery 
decreases, and the eqerimental  data ahow considerable  scatter. 

A typical  vaxiation of the totalqreseure recovery wit$ the 
mass+~lar r a t i o 1  3s shown in figure 6 for a model w i t h  a 15 ramp. 
It is seen that the recowrg of t o t a l  pressure is very sensitive to 
a change in the mass flow mar the maximum total-pressure r a t i o  . 
The introductim of an oblique ehmk wave apparently delays tple 
separation of the boundary layer. Test  obsematians  reveal. that 
when the separation finally does occur, it apmara suddenly and 
causes an abrupt change in recovery.  This phenoanenon is kdica ted  
by the sharply cusped curves of figure 6 .  

Tests at Mach lILmibere between 1.36 and 2.01 of an annular duct 
i n l e t  having a rm t o  create a single oblique shock wave to r e h c e  
the entrance Mach number have ahown the folloKing effects:  

1. The pressure recovery attainakle w i t h  an annular duct inlet 
situated in a region of appreciable boundaxy layer is considerably 
improved throu& the reduction of entrance &ch nlnnber by an oblique 
shock wave occurring upstream of the itnlet. The allowable intensity 
of this shock wave is limited t o  a relat ively mall value because 
of its tendency t o  thicken the barnda;ry layer. 

- 2. 'Ihe oblique shock wave produced by a 15O a ~ u l a r  ramp is 
optimum for the configuration tested. Use of ramp angles greater 
than 15' resulted in unstable flow and thus reduced the pressure 
recovery . 

3. The maximum totd-saure recovery attained is approximately 
f OUT-f ifths of that of a no& shock wave occurring at the free- 
stream Mach nvuder. 

Ames Aeronautical  Laboratoq, 
N a t i o n a l  Advisory C a t t e e  for Aeronautics, 

Moffett ELeld, C a l i f  . 
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FIGURE 2. " W E L  DIENWhtS. 

ALL  DIMENStVNS  tN  INCHES 
ENTRANCE ARfA = ,2209 SQ. M. 
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Figure 5.- Schlieren photographs o f  flow about models having 
high outlet-inlet-area ratioe. Wach mniber = 1.70. 
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